Deforestation and large-scale uniform tree plantation
According to the FAO report (FAO 2007 , http://www.fao. org/docrep/009/a0773e00.htm), deforestation continues at an alarming rate of approximately 13 million hectares per year. At the same time, forest planting and natural expansion of forests have significantly reduced the net loss of forest area. Over the 15 years from 1990 to 2005, the world lost 3% of its total forest area, an average decrease of some 0.2% per year (FAO 2007 , http://www. fao.org/docrep/009/a0773e00.htm). In Asian countries, the region as a whole experienced a net increase in forest area of about 633,000 hectares annually during 2000 to 2005. However, this is largely due to an increase of more than 4 million hectares per year in China, whereas most other countries, especially Southeast Asia experienced the large decline in forest area. The greatest forest loss occurred in Indonesia, almost 1.9 million hectares per year (FAO 2007, http ://www.fao.org/docrep/009/ a0773e00.htm).
In Indonesia, therefore, the logging of natural forests can not continue, and a number of large plantations of
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Toshiaki Umezawa 1,2, * , Shiro Suzuki 2 , Daisuke Shibata fast-growing trees, especially Acacia mangium, have been established. The total acreage of A. mangium plantations in Indonesia has been estimated to be approximately 1 million hectares (Yano et al. 2007) , and the tree is mostly exploited for pulp. In addition, an Acacia hybrid (A. mangium ϫ Acacia auriculiformis) plantation for structural material production has been established in Sabah, Malaysia (Matsumoto 2002) , and its silvicultural management systems are being optimized (Omura et al. 2007; Yoshida et al. 2007 ).
Importance of tree biotechnology
Large scale, monoculture plantation forests can provide the benefit of reforestation. However, they conflict with an aspect of biodiversity, though they are much better than deforested lands. Hence, it is important to establish forest management systems for sustainable production and utilization of forest biomass resources in harmony with environmental conservation. To do that, conventional forest operation has been powerful tools. In addition, traditional tree breeding, selection in breeding populations with a broad genetic base, has brought a certain amount of success. However, due to the long life cycles, long generation times, and late sexual maturity, traditional tree breeding programs require very long time intervals. Furthermore, genes responsible for versatile demands in terms of commercially important traits are often not available within the gene populations of the target tree species. For example, taking the world's economic development into account, food production will increase significantly and will occupy rich and superior lands. As a result, inferior lands will be used for biomass production. This will bring about strong demands for improvements in trees' growth and physiological characters such as drought resistance, acidsoil resistance, cold resistance, fast growth, and disease resistance, and so on. In addition, there are also many demands from the users, such as suitability for pulping and bioethanol production, suitability for the use of woodbased materials, e.g. non-taperness, circularness of cross section, less growth stress, less distortion during timber drying, smaller fibril angles, good heartwood coloration, high content of bark tannins, high strength, and high durability, and so on. These improvements require introduction of foreign genes into the target tree species, which can not be achieved by conventional technologies, such as crossing and elite tree selection. Thus, these necessitate better tree improvement programs in which modern biotechnology plays an important role (FAO, 2004) .
Acacia mangium
A. mangium is endemic in Indonesia (Sula, Ceram, Aru, and Irian Jaya), Papua New Guinea, and Australia (Queensland) (Pinyopusarerk et al. 1993 ). This tree was originally introduced into Sumatra, Indonesia, and Sabah, Malaysia for environmental reforestation of deforested lands. Later, however, this species was found to be suitable for pulping purposes because of its high density (ca. 0.5) among tropical fast growing trees (Fujimoto et al. 2002) and high straightness of the trunk (Figure 1 ). Furthermore, this species has many advantages such as very good growth in adverse soil conditions, and a tendency to grow well in humid and hot climate. It also is competitive against other weeds, fixes nitrogen by symbiosis (Pinyopusarerk et al. 1993; Dela Cruz and Yantasath 1993) . Therefore, A. mangium plantations have expanded rapidly during the last two decades in Southeast Asia especially Indonesia and Malaysia, and now its total acreage in Indonesia is approximately 1 million hectares (Yano et al. 2007 ). In addition, a plantation of an Acacia hybrid (A. mangium ϫ A. auriculiformis) (Figure 1 ) is also commercialized in Sabah, Malaysia. A. auriculiformis has higher density (ca. 0.56) but its trunk is often not straight, whereas the hybrid inherits good traits from the parents: the density value between the parents (ca. 0.52) and straight tree shape (Figure 1) . Hence, the elite trees of the hybrid are suitable for rotary cut veneer production and propagated by petiole cuttings and sterile micropropagation (Matsumoto 2002) . As can be seen in Figure 1 , the hybrid and their parents can be often distinguished by their phyllodes.
Though it has advantages, A. mangium also has a number of drawbacks: high incidence of knots, relatively short fiber length though still acceptable as pulp feedstock, difficulty in drying timbers, low-moderate durability (low resistance to rot and termites), low salt resistance, low drought tolerance, shade intolerance, disease susceptibility (root rot and heart rot), and sensitivety to prolonged low temperature and frost. If these drawbacks are overcome, the species can be exploited more widely for versatile purposes.
Recently, a series of mini reviews covering plantation biodiversity (Yoshimura et al. 2007 ), chemistry 
Acacia tree biotechnology
Generally, biotechnology of commercial plants requires several basic resources, such as gene sequence information, transformation and regeneration systems, and isolation of genes responsible for the target traits. However, these basic resources are not yet established for A. mangium, and its biotechnology is therefore still at an early stage.
Transformation and regeneration systems
In vitro regeneration of transformed trees is still a technical limitation for many plant species, which is true for A. mangium and related species.
Organogenesis and somatic embryogenesis are basic techniques for establishing transformation and regeneration systems. Several papers have been published on organogenesis of A. mangium and related species (Nanda et al. 2004; Bhaskar and Subhash 1996; Douglas 2000; Saito et al. 1993; Suzuki and Umezawa 2007) , and a somatic embryogenesis system for A. mangium from immature seeds through embryogenic callus was reported by . However, to our knowledge, only two papers have been published for genetic transformation of A. mangium (Xie and Hong 2002) and its hybrid (Kao 2001) . Hence, more efficient transformation and regeneration systems for Acacia spp. must be established, which are the basis for molecular breeding.
Genome or gene expression data base
A genome project is far beyond powers of a single academic laboratory, while ESTs can be established with a very much smaller budget. Because ESTs are a collection of short sub-sequences of transcribed genes and represent a snapshot of what is expressed in a given tissue at a given developmental stage, this geneexpression information resource is useful for identifying genes that are possibly involved in the expression of a given trait in combination with transcriptomics, especially using microarray techniques.
So far, an A. mangium EST data base from developing xylem tissue has not yet been published, though there has been one reported for 1123 flower-specific transcripts (Wang et al. 2005) . In this context, we have started to prepare an EST data base for A. mangium developing xylem tissue (Suzuki S, Sakurai N, Suzuki H., Shibata D, Umezawa T, unpublished).
Genes responsible for target traits
Many of the commercially important traits, such as good growth, good shape, high-strength, and so on in plants are probably controlled by multi-genes, which are not yet identified. For the time being, these traits are difficult to control by metabolic engineering approaches.
However, there are a number of genes of various plants that have already been identified as being involved in commercially important traits. Using these genes, we can immediately proceed to metabolic engineering of Acacia spp. once efficient transformation and regeneration systems are established. For example, down-or upregulation of the cinnamate/monolignol pathway genes can modify the compositions and contents of lignins in Acacia spp. This is expected to result in financial gains from pulp processing improvements. The chance of success in this area are high, because many examples of similar experiments with other species, e.g. Populus, have already been reported (Hu et al. 1999; Li et al. 2003) .
As for the traits, where the genes responsible have not yet been identified, we must conduct intensive and timeconsuming works to identify them by differential analyses of each trait in population of given tree species, as well as in other plants including model plants. To do that, both holistic (or non-targeted) analyses (i.e. genomics, transcriptomics, proteomics and/or metabolomics) and targeted analyses are necessary. In this context, EST database construction is important. A. mangium EST data bases are quite useful for identifying genes that are possibly involved in the expression of a given trait in combination with transcriptomics, especially using microarray techniques. Furthermore, an EST data base can be exploited to detect Acacia genes which are orthologous to those of other model plants that are involved in, for example, secondary xylem formation or plant defense systems.
In addition, metabolomics or comprehensive analysis of metabolites is a powerful tool to identify compounds that are responsible for important phenotypes, such as disease resistance etc. Although no single technology for metabolomics has been established, two strategies can be adopted. One is a non-targeted and high-throughput analysis with Fourier-transform ion cyclotron resonance mass spectrometry (FT-ICR MS), which can cover a larger number of compounds than any other type of mass spectrometry. However, such machines are expensive and are therefore not widely distributed. Besides, this technique is weak at quantitative metabolic analysis, which is complimented by the targeted analysis. Therefore, when precise metabolite analyses are needed, it is necessary to analyze rather limited but significant numbers of metabolites precisely using gas chromatography-mass spectrometry (GC-MS) and liquid chromatography-mass spectrometry (LC-MS) and with stable isotope-labeled internal standards (Sakakibara et al. 2003; Sakakibara et al. 2007 ).
Public acceptance and area studies
When the genetic modification approach is used, social acceptance is indispensable. For example, pollen and seed dispersal causes widespread public concern over transgenic trees. One solution might be to use plant triploid trees, which are expected to be sterile. This could be achieved via the production of tetraploids followed by its backcross with diploids. Tetraploid A. mangium and Aacacia dealbata have been produced by colchicine treatment (Blakesley et al. 2002) .
In the practical application of Acacia biotechnology, illegal logging has become a pressing issue. For example, the proportion of illegal harvest in 2001 in Indonesia was estimated to be up to 83% (Tacconi et al. 2004) . In this context, the target traits must be determined with due consideration for the welfare of local communities. This implies that the tree biotechnology research and development activities must be conducted in collaboration with social sciences, especially tropical area studies.
